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LACTOBACILLUS ACIDOPHILUS 


By NICHOLAS KOPELOFF, PH.D. 
Associate in Bacteriology Psychiatric Institute, 
Ward’s Island, New York. 


Since Metchnikoff’s work on sour milk therapy, the most important advance is the 
development of lactobacillus acidophilus. However, clinical observations have not 
been recorded as rapidly as experimental work in this field and the present book is 
an attempt to record clinical results in quantitative terms. 

The author is best qualified to write with authority on the subject because of the 
rather exhaustive clinical experimental work he has conducted. His conclusions and 
recommendations with regard to the applications of lactobacillus acidophilus in eon- 
stipation and in other intestinal disorders have unusual value for the practicing 
physician, the dietitian, the bacteriologist, and the clinician. 
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Installation of Mortensen Pure Nickel 
Positive Holder and Standard Heater 
with Pure Nickel tubes at plant of The 
Netherland Co., Inc., Syracuse, N. Y. Mfd. 
by STANDARD MILK MACHIN. 
ERY CO., INC. of Louisville, Ky. 


A modern dairy’s endorsement of 
**Standard”’ Nickel equipment 


roe letter from The Netherland Company, Inc. plant. Every one of these points is important 
is only one of hundreds that testify to the sue enough to merit your thoughtful consideration. 
perior properties of Pure Nickel dairy equipment. Your own manufacturer can furnish you with 

Pure Nickel equipment meets every requirement the information you need about Nickel equip- 
of the modern dairy. It helps produce a better 


ment. He can also furnish you with every type 
product by lowering bacteria counts. It has a ~ of Nickel equipment, for Nickel is readily 
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lustrous, silvery surface and can easily be available in the customary forms including 
kept in a clean and sanitary condition. sheets and seamless tubing. 
It has no coating to wear off. It Next time you order equipment, 


won’t rust—it resists corrosion. specify Pure Nickel. In the mean- 
Every one of these points helps time, write for literature and more 
make a dairy a thoroughly modern | information. 
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Union Dairy Co. (Reid Ice Cream Corp.), 
Brooklyn, N.Y. Capacity 15,000 lbs. per hour. 


UNBIASED DATA AGAIN POINT 
TO GLASS AS MOST SUITABLE 
FOR DAIRY EQUIPMENT 


New investigation conducted at University of 
California analyzes effect of various metals 
on milk. See July issue of the Milk Dealer. 


Again confirming the findings of many other authorities, a new investigation, 
carried on under the direction of Messrs. E. 8. Guthrie, C. L. Roadhouse, 
and G. A. Richardson, in the Division of Dairy Industry, University of 
California, points out the effects of various metals on milk. It is again signi- 
ficant to observe that glass-lined equipment remained inert to the action of 
milk, whereas practically every type of metal showed some effect on its 
flavor. Pfaudler glass-lined equip- 
ment assures natural flavor and 
maximum purity, whether the milk 


Whether you are in the market or 
not, consider these facts... 
is pasteurized or stored at low tem- __| 1. Pfaudler Glass-Lined Equipment keeps pure milk 


ure under all conditions. 


i ‘“ 2. Pfaudler Glass-Lined Equipment is being used in 
perature. See July issue of “The increasing volume every year by the enti Dairy 


Milk Dealer,”’ article entitled “De- 3. reads? Gilase-Lined Equipment can be obtained 


for transporting, receiving, etoring, pasteurizing, 
termines the Effect of Milk on mixing, culturing and aging operations in a mes 


variety of popular sizes at popular prices. 
Metals and Glass.”’ 


The Pfaudler Co. Dairy Division, Rochester, N. Y. 


Glass-lined equipment keeps pure milk pure! 
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A COMPARISON OF THE BROMTHYMOL BLUE MILK 
TEST AND THE METHYLENE BLUE REDUCTION 
TEST FOR DETERMINING QUALITY OF MILK* 


E. D. DEVEREUX 
Michigan Agricultural Experiment Station, East Lansing, Michigan 


REVIEW OF THE LITERATURE 


The bromthymol blue milk test or colorimetric hydrogen 
ion method was devised by Cooledge (1, 2) in 1920 to determine 
the keeping quality of milk. The test was compared to other 
methods, particularly the methylene blue reduction test and the 
standard plate count. These comparisons were made by using 
correlation coefficients. In each case the correlation coefficient 
between the test in question and the keeping quality was deter- 
mined; the results were as follows: 


Bromthymol blue score (Cooledge score)..................+e++: +0.75 


Cooledge measured the keeping quality by the time required 
for the milk to show the first appearance of souring, as deter- 
mined by taste. The milk was held at room temperature. One 
hundred fifteen samples were examined. The bromthymol blue 
scores were made according to the method as devised by Cooledge 
(see experimental); the methylene blue reduction test was ap- 
plied as described by Hastings (3); the plate counts were made 
according to “Standard Methods” (1919). 

Ellenberger et al. (5) made a comparison of the methylene blue 
reduction test and the agar plate count for determining the qual- 
ity of milk. The keeping quality (time) of 268 samples was de- 
termined. The correlation coefficients were as follows: 


Methylene blue reduction test...............ccceeeeecees +0.72 +0.02 


* Received for publication January 11, 1929. Paper No. 3 (n.s.) from the 
Michigan State College Agricultural Experiment Station. 
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Ellenberger et al. measured the keeping quality by the time 
required for the milk to become unfit for table use as determined 
by taste and acid development. The bacteriological examina- 
tions were made according to “Standard Methods.” 


EXPERIMENTAL 


To the knowledge of the author the studies of Cooledge have 
never been repeated, and, since the work of Ellenberger, et al. 
on the reduction test did not corroborate the results secured by 
Cooledge, it was desired by the author to repeat some of this work. 

In the experimental work the bromthymol blue test and the 
methylene blue reduction test were compared, using the actual 
keeping quality (time) as the standard. 

One hundred fifty 200-cc. samples were taken in 250-cce. sterile 
Erlenmeyer flasks from the receiving vats of two dairies. 

The bromthymol blue test was performed as devised by 
Cooledge with the exception that a slight change (6) has been 
made in the formula of the Cooledge broth. The test is made by 
adding 0.1 cc. of the milk in question to 10 ce. of bromthymol 
blue broth and noting the rate of pH change when incubated at 
37°C. until a pH of 5.8 is reached or until the tube has been in- 
cubated for eight hours. 


Formula of Cooledge broth 
Dibromthymosulphonephthalein (Bromthymol blue)... 0.020" grams 


Adjusted to pH = 7. Autoclaved at 15 pounds for fifteen minutes. 


Bromthymol blue color standards* having a pH range of 5.8 to 
7.4 (5.8, 6.0, 6.2,..., 7.4) are used for making the readings. 


1 This is the formula that has been recommended to the Digestive Ferments 
Company, Detroit. 

? Recently changed from 0.032 to 0.020 gram per liter. 

* The test has been so devised that the color standards and comparators of 
either the Hynson, Westcott, Dunning Company, (use test tubes with a diameter 
of 1.8 cm.) or the LaMotte Chemical products Company, can be employed (use 
tubes with a diameter of 1.5 cm.). 
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Broth without the indicator is also prepared and used in the 
compensating blanks. The compensating blanks are inoculated 
and incubated in the same manner as the broth tubes containing 
the indicator. It is necessary to prepare only two compensating 
blanks for one day’s run or any one batch of samples. 

When it is desired to make a reading, the tubes and the com- 
pensating blanks are removed from the incubator, cooled to 
20°C., and placed in the comparator. The top view of the ar- 
rangement of the tubes in the comparator when a reading is to be 
made is given below. 


Back 
8. W. 8. 

Additional storage Additional storage 
space for color space for color 
standards standards 

C.B. U. C.B. 
Front 


8. = color standard 
W. = water blank 
C.B. = compensating blank 
U. = unknown containing the milk in question 


The unknown is compared to the color standards and the pH 
noted. 

Cooledge devised a table in order that the milk could be 
scored, its keeping quality determined, and the purpose for which 
it is best suited determined. From experience with this table 
the author is of the opinion that milk scoring 70 or better is 
suitable for milk plant supply 

The methylene blue reduction test was made according to 
“Standard Methods’”’ (fifth edition, 1927), using approved stand- 
ardized tablets from which a fresh solution was prepared every 
few days. 

The keeping quality was measured by the time required for the 
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milk to become unfit for table use as determined by taste. The 
samples were held at 18° to 20°C. 


TABLE 1 


The comparison of the results secured by the bromthymol blue and methylene blue 
tests and the keeping quality of milk 


BROMTHYMOL BLUE TEST METHYLENE BLUE REDUCTION TEST 
=o Number Average Number 
SOURING | | Score | Average | | Reduction| reduc | classt | 

range* score excep- ranget tion excep- 
tions time tions 
hours minutes | minutes 
‘ 8 2 | 35-55 | 37.5 0 0-20 3 | Very bad} 0 
12 9 35-55 44.4 0 20-120 57 | Bad 3 
18 31 35-55 50.2 2 120-330 | 123 | Fair 18 
20 16 35-55 51.2 2 120-330 | 228 | Fair 7 
22 8 60-75 58.7 8 120-330 | 180 | Fair 5 
24 8 60-75 59.4 8 120-330 | 218 | Fair 4 
26 14 60-75 65.0 12 120-330 | 317 | Fair 4 
28 13 60-75 71.0 9 120-330 | 289 | Fair 6 
30 13 60-75 70.5 12 330+ 342 | Good 8 
32 14 80-100 | 85.0 2 330+ 424 | Good 3 
34 10 80-100 | 85.0 2 330+ 413 | Good 2 
36 8 80-100 | 89.4 2 330+ 466 | Good 2 
38 2 80-100 | 90.0 0 330+ 585 | Good 0 
44 2 80-100 | 95.0 0 330+ 525 | Good 0 
150 59 62 
* Score range 
READING pH SCORE MILK SUITED FOR 
hours 
1, 2,3 5.8 20-30 Condemning 
4, 5, 6, 7, 8 5.8 35-55 For butter making 
8 5.9-6.2 60-75 Condensing 
8 6.3-6.7 80-100 Market milk or cheese making 


t “Standard Methods’’ classification of milk according to reduction time: 
Class 1—good milk, not decolorized in 5.5 hours 

Class 2—fair milk, decolorized in 2 to 5.5 hours 

Class 3—bad milk, decolorized in 20 minutes to 2 hours 

Class 4—very bad milk, decolorized in less than 20 minutes 


In table 1 the results are arranged according to the time re- 
quired for the samples to become unfit for use. Since souring 
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was, in the great majority of the cases, the first undesirable qual- 
ity displayed, the column is headed ‘“Time of souring.”’ 

An examination of the table shows that as the time of souring 
increased there was a steady increase, with two exceptions, in the 
bromthymol blue average scores. In one of the exceptions the 
score dropped 0.5 of a point as the time of souring increased two 
hours, while in the other case the average score remained station- 
ary. The average reduction times show more fluctuations than 
the other scores, but it will be noted that, if these average reduc- 
tion times are interpreted in terms of “milk classes,” there is a 
steady increase in the classes as the time of souring increases. 

The average score or reduction time for each group of samples 
determined the score range or reduction time range for that 
group, as given in table 1 with footnotes. This permitted the 


TABLE 2 
The correlation coefficients of the colorimetric tests and the keeping quality of milk 
secured by three investigators 


Bromthymol blue test........ +0.75 No experimental work +0.77 
Reduction test............... +0.52 +0.72 +0.02 +0.77 


detection of those samples whose score or reduction time did not 
fall in the determined range. These cases were counted and the 
number in each group recorded under the column heading ‘‘Num- 
ber of exceptions.” 

Comparing the two tests from the standpoint of exceptions 
both seem to have about the same accuracies in detecting the 
poor milk and the good milk, and about the same inaccuracies 
in regard to the intermediate grade. 

The individual cases, that is the score and reduction time of 
each sample (data too voluminous to present), were used to 
calculate the correlation coefficients between the two methods 
and the keeping quality of milk, and, strange to say, were both 
found to be +0.77. This corroborates the work of Cooledge on 
the bromthymol blue test but not his work on the reduction test. 
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However, Ellenberger et al., as mentioned earlier, found the 
reduction test to have a correlation coefficient of +0.72 +0.02 
which is in accordance with the coefficient found for that method 
in this work. These results of the three investigations are sum- 
marized in table 2. 

In reviewing the technique used by Cooledge in performing the 
reduction test it was found that he used one part of dry dye to 
100,000 parts of milk, which is about twice the concentration 
of the dye when the approved tablets are used. The reduction 
time of methylene blue of this concentration was determined on 
75 samples of milk and compared to the reduction time when the 
approved tablets were used. In every case when methylene 
blue of a concentration of one part of dry dye to 100,000 parts of 
milk was used the reduction time was from a few minutes to 
forty minutes longer than when a solution of an approved tablet 
was used. This may account for some of the difference in the 
results since the approved tablets were used in this work and the 
work of Ellenberger et al. However, according to Hastings (4) 
it should not be a great factor. He found that the methylene 
blue could be reduced to 1:300,000 or 1:400,000 parts of milk 
without materially changing the reduction time. 


SUMMARY 


The bromthymol blue milk test was found to fulfill its purpose 
in that it graded milk fairly accurately into a large number of 
classes according to keeping quality, when average scores were 
studied. 

The reduction test was found to fluctuate more but was able 
to grade the milk into four classes equally as accurately. 

The correlation coefficients between each test and the keeping 
quality were both found to be +0.77. 


The writer wishes to express at this time his gratitude to Prof. 
L. C. Emmons of the Mathematics Department of Michigan 
State College for his assistance in interpreting these data. 


TESTS FOR DETERMINING QUALITY OF MILK 373 


REFERENCES 


(1) Cooteper, L. H., anp Wyant, R. W. 1920 The keeping quality of milk as 
judged by the colorimetric hydrogen ion determination. Jour. Dairy 
Sci., 1ii, 156-166. 

(2) CooLteper, L. H. 1921 The colorimetric hydrogen ion determination as a 
means of studying biological changes in dairy products. Michigan 
Agr. Exp. Sta., Tech. Bul., No. 52. 

(3) Hastines, E.G. 1919 Comparative value of quantitative and qualitative 
bacteriological methods as applied to milk, with special consideration 
of the methylene blue reduction test. Jour. Dairy Sci., ii, 293-311. 

(4) Hastines, E. G. 1924 The standardization of the methylene blue reduc- 
tion test for milk control work. Inter. Assoc. Dairy and Milk In- 
spectors, 13th Ann. Rept., 268-275. 

(5) Ettensercer, H. B. er au 1927 A comparison of the methylene blue re- 

duction test and the agar plate count for determining quality of milk. 

Vt. Agr. Exp. Sta., Bul. No. 264. 

(6) Devereux, E.D. 1928 Test for keeping qualities of milk modified. Mich. 
Agr. Exp. Sta. Quar. Bul. 10, 190-194. 


| 


A SURVEY OF PRESENT METHODS OF GRADING MILK 
AT CONDENSERIES, EVAPORATED AND DRY 
MILK PLANTS 


The need of definite information regarding the methods in use 
at the present time in this branch of the dairy industry is evident 
to the sub-committee on Bacteriological Methods for Condensed, 
Evaporated and Dried Milk of the American Dairy Science 
Association. By making use of mailing lists furnished by the 
American Dry Milk Institute and Evaporated Milk Associations 
addresses of the companies manufacturing the products were 
obtained. Through the suggestion of Dr. R. 8S. Breed, Chairman 
of the General Committee, an effort was first made to get in 
touch with the person in each organization that was directly in 
charge of the control work for each particular company. Thirty- 
one companies expressed their willingness to coéperate and were 
sent a questionnaire asking for information on the subject. From 
the 31 companies 20 questionnaires have been received up to the 
present time. Thirteen companies were manufacturing con- 
densed, the same number evaporated, 12 spray powder, 4 roller 
process powder and 3 reported that they manufactured powder 
but failed to specify the kind manufactured. 

The reports regarding the examinations of the milk as received 
indicate that the conventional “nose” test is still used on each 
can at the majority of the plants. Questionable milk is further 
checked by a variety of tests. Acidity determinations are used 
by 12 plants to check such milk, 5 used the alcohol coagulation 
test, while 1 used the alcohol cresol purple test, 1 the brom cresol 
purple test, another the alcohol methylene blue test and 1 the 
live steam test. The use of the sediment test was reported in 11 
cases and was used at irregular intervals. 

The methylene blue reductase test was used by 5 companies 
and one reported that it gave unsatisfactory results. Seven 
plants used the breed microscopic count and 3 the plate count, 
all of this work being done in a more or less irregular and un- 
standardized way. 

374 
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The standards used for rejecting milk were, acidity 0.18 to 
0.20 per cent, temperature over 60° to 65°F. and coagulation 
with alcohol test. The bacterial standards varied from 100,000 
to 1,000,000 per cubic centimeter, and milk showing reduction 
of methylene blue in less than two and one-half hours was con- 
sidered unsatisfactory. 

In reporting methods of sterilizing equipment 10 used some 
form of hypochlorites or chlorine solution, 5 used steam, 1 hot 
water, 1 cleaning agents and 3 failed to report. Seven stated 
that they checked the sterility of the equipment. The methods 
used for checking sterility varied greatly. Three reported the 
use of sterile water rinse, 1 used the count obtained from the water 
run through, 1 used the count from the first milk through, while 
2 failed to specify method used. The standards used varied with 
the method used. 

In checking the finished product, 7 companies indicated that a 
regular check was made by the plate method. One of these also 
ran the American Public Health Association test for B. coli as 
given in the Standard Methods of Water Analysis, 2 reported the 
occasional use of the plate method and methylene blue test, 1 
used incubation tests on canned goods only, and 10 failed to 
report. Two companies, however, stated that they were install- 
ing bacteriological laboratories in the near future. 

The standards for the finished product as reported by 6 com- 
panies were as follows: all required evaporated milk to be sterile, 
2 required condensed milk to have a count under 1,000 colonies 
per gram, 1 below 10,000, 2 below 25,000 and 1 under 100,000. 
Two companies reporting on milk powder required a count of 
less than 300,000 and 500,000 per gram. 

In general it would seem that from these results that the bac- 
teriological control of the manufacture of condensed, evaporated 
and powdered milk is not as well established as it should be and 
that there is a need for information regarding practical methods 
of such control. It is the hope of the committee that they may 
secure sufficient codperation to be able to draft a report that 
will fill this need. Such a report should be of value to the in- 
dustry in encouraging better control of these products. 
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Perhaps the most important need at the present time, is a 
standardization of the method of determining the count from the 
finished product, especially milk powders. There is a prospect 
that a joint study of methods for this purpose may be carried 
out during the coming year with the Committee on Laboratory 
Methods appointed by the American Dry Milk Institute. 


P. A. Downs, Chairman, 
G. C. SuPPLzE, 
M. J. Prucna. 

Lincoln, Nebraska, June 2, 1928. 


A COLOR DEFECT OF PROCESS CHEESE* 


WALTER V. PRICE 
Department of Dairy Industry, Cornell University, Ithaca, New York 


A manufacturer of a brand of process cheese found that oc- 
casional batches developed an undesirable, dark color during the 
heating process. This color matched very closely the color of 
an orange with a brownish tinge or that of thymol blue in solu- 
tions of pH 2.0 to 2.4. Although the cheese in all other respects 
seemed to be entirely normal, it was rejected by the trade. 

The product was manufactured by grinding, and mixing to- 
gether, well ripened cheese of the cheddar type, and placing the 
mass in a steam jacketed kettle. Water, an alkaline solution of 
annatto color, and an emulsifying agent were added to the cheese, 
and the mixture was heated slowly with constant agitation. The 
normal color usually darkened during the last stages of the heating 
process. 

Observations indicated that the color change was independent 
of the quality of the cheddar cheese used in the blending opera- 
tions, since identical cheese to which the same ingredients were 
added did not always develop the defect. 

It seemed logical to assume that the change was associated in 
some manner with the heating operation itself. During this 
process some of the moisture was lost, the amount of which varied 
with the temperature used and the duration of the heating period. 
Laboratory trials were made to determine the influence on the 
color of the cheese of variations in its moisture content. The 
results indicated that the color could be slightly deepened by 
reducing the moisture content of the cheese approximately 2 per 
cent ormore. Other trials showed that the color could be notice- 
ably darkened by raising the temperature and increasing the 
duration of the heating process. These treatments, however, 
did not produce the characteristic color defect. 


* Received for publication January 19, 1929. 
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It was customary in the factory to place a new batch of cheese 
in the heating unit as soon as the preceding batch was removed. 
In this way the machine was in continuous use throughout the 
day, except for the noon recess. As a result, more or less cheese 
gradually accumulated around the sides and edges of the kettle. 
As would naturally be expected, this residual cheese assumed a 
darker color when it was exposed to the heat of subsequent 
batches. The accumulation of this discolored cheese, and the 
fact that the defective color usually appeared after the noon 
hour, when most of this substance adhered to the kettle, strongly 
suggested that this residual cheese was responsible for the defect. 

An attempt was made to reproduce this defect in the laboratory 
by duplicating the factory routine as nearly as possible. The 
cheese was allowed to remain on the sides of the kettle in which 
the blending and pasteurizing was accomplished as it did in 
factory practice. A quantity of cheese sufficient for several 
batches was divided into identical portions. Batch after batch 
was made with no appearance of the defect. The kettle was then 
allowed to stand idle for two hours and the cheese adhering to it 
from the previous batches was not removed. The next batch of 
cheese made in this kettle developed the defective color. A_sec- 
ond batch acted in the same manner. The cheese which was used 
in making the batch was then pasteurized in the usual manner in 
a clean kettle and was entirely normal in its appearance. The 
kettle in which the defective cheese was made was then thoroughly 
cleaned and another portion of the same cheese was pasteurized 
in it. The cheese retained its normal color. In repeated trials 
the defect could be reproduced and corrected by following this 
same procedure. These facts seemed to verify the theory that the 
incorporation of sufficient amounts of the dried and discolored 
cheese which accumulated on the unwashed kettle was actually 
eapable of producing the undesirable color. 

The manufacturer who originally called this defect to the 
attention of this laboratory took the necessary precautions to 
eliminate the possibility of incorporating this residual cheese in 
new batches. After a two years’ interval no repetition of the 
trouble has occurred. 


COPPER IN DAIRY PRODUCTS AND ITS SOLUTION 
UNDER VARIOUS CONDITIONS. II* 


J. MISCALL, G. W. CAVANAUGH 
Department of Chemistry, Cornell University, Ithaca, New York 
AND 
P. P. CARODEMOSt 
Clemson College, Clemson College, North Carolina 


This work is a continuation of the investigation conducted by 
Rice and Miscall.! 

Quam, Soloman and Hellwig? have published data on the copper 
dissolving power of milk. They find the temperature of maxi- 
mum copper solubility between 85° and 90°C. They used thirty 
minutes as the time of exposure of the milk to the metal. They 
attribute the decrease in the copper solubility curve above 90°C. 
to the decreasing solubility of oxygen. 


METHOD OF PROCEDURE 


In this investigation the method of Rice and Miscall' was 
followed. This consisted of allowing 2000 cc. of milk to stand, 
in glass flasks, in contact with twisted strips of copper, under the 
conditions of the experiment for two hours. The solution was 
then poured off the copper and evaporated to dryness, the residue 
ignited in a muffle furnace and the ash dissolved in a small quan- 
tity of nitric acid. The copper was electrolized onto a platinum 
flag, washed thoroughly with distilled water, and re-electrolized 
from a weak sulfuric acid solution onto a weighed rotating plati- 
num cathode. By using this method of electrolysis a bright, 
adherent deposit of pure copper is obtained which can be weighed. 

The pasteurized milk used was obtained directly from the 


* Received for publication March 4, 1929. 
} Presented to the Faculty of Cornell University as partial fulfillment of the 
requirements for the degree of Doctor of Philosophy. 
1 Rice and Miscall, Jour. Dairy Sci., 1923, vi, 261. 
2 Quam, Soloman and Hellwig, Jour. Indust. and Eng. Chem., (1928), xx, 930. 
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pasteurizing apparatus of the Dairy Department at Cornell. 
The raw milk was obtained at the Cornell barns. 


SOLUBILITY OF COPPER IN PASTEURIZED MILK 


Two-liter portions of pasteurized milk were placed in 5-liter 
flasks. The milk was then heated to the desired temperature. 
As soon as the correct temperature was reached fourteen twisted, 
bright copper strips 1 inch wide and 5 inches long (140 square 
inches of surface) were placed in the flask. The milk was heated 
at constant temperature for two hours. The copper content of 
the milk was then determined. The results are tabulated in 
table 1. 

The data are plotted in figure 1 as curve A. 

This curve shows the same values of copper content and tem- 
perature of maximum copper solubility as obtained by Rice and 
Miscall.! The copper solubility increases up to a temperature of 
140°F. and then decreases as the temperature is raised. Both 
increase and decrease in solubility taking place gradually. 


SOLUBILITY OF COPPER IN RAW MILK 


The previous experiment was repeated except that raw milk 
was used. The results are given in table 1. 

The data are plotted in figure 1 as curve D. The same type of 
curve results as when pasteurized milk was used but the tempera- 
ture of maximum copper solubility is at 150°F. It is also inter- 
esting to note that previously pasteurized milk dissolves more 
copper at every temperature than does raw milk. 


EFFECT OF CARBON DIOXIDE AND OXYGEN ON COPPER SOLUBILITY 


To determine the effect of specific gases upon the solubility 
of copper in milk the following experiments were performed. A 
5-liter flask was stoppered with a two holed rubber stopper. 
Through one hole a glass tube was lead which connected the flask 
with a manometer. Another glass tube connected the flasks 
with a mercury filled, gas burette which had a two-way stopcock. 
The burette could be used to admit known amounts of gas into 
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the flask and also served as a mercury pump in the usual manner. 
Two liters of raw milk were placed in the flask. 

All the gases were exhausted from the milk, the temperature 
being raised to the desired value. The pumping was continued 
until the manometer showed a pressure equal to the vapor pressure 
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of water at that temperature. Then the stopper in the flask was 
quickly removed and 14 strips of copper (140 square inches) were 
introduced. The admitted air was quickl,; pumped out. The 
temperature was maintained constant for two hours. Then the 
milk was analyzed for copper in the usual manner. The results 
are given in table 2. 
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The data are plotted as curve B in figure 1. It shows a much 
lower copper solubility than either the raw or pasteurized milk 
and a maximum copper solubility at 140°F. 


TABLE 1 
Solubility of copper in pasteurized milk and in raw milk 


COPPER PER LITER OF MILK 
TEMPERATURE 
Pasteurized Raw 
mgm. mgm. 
70* 3.0 
100 4.0 2.0 
110 8.0 2.0 
120 11.3 2.5 
130 12.3 3.2 
140 13.5 8.8 
150 13.3 9.2 
160 12.7 7.8 
170 10.5 6.8 
180 7.0 
190 5.0 
208t 4.0 2.0 
* Room temperature. 
t Boiling. 
TABLE 2 
Solubility of copper in milk from which all gases had been exhausted 
TEMPERATURE COPPER PER LITER OF MILK 
FP. mgm. 
70 3.0 
100 
110 4.5 
120 5.25 
140 6.00 
160 5.50 
180 4.50 
190.5 3.75 
208 2.7 


The same procedure was then followed but after all the gases 
were exhausted excessive amounts of carbon dioxide were added 
and the milk heated in contact with the copper open to the at- 
mosphere for two hours. The results are given in table 3. 
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The data are plotted as curve C in figure 1. It shows that car- 
bon dioxide has a definite depressing effect upon the solubility of 
copper in milk. 

The curves show that the solubility of copper in pasteurized 
milk is greater than in raw milk. Both milks exhibit a maximum 
copper dissolving power at a definite temperature, this tempera- 
ture being 5 degrees higher in raw milk than in pasteurized milk. 
The temperature range of maximum copper solubility is from 140° 
to 150°F. The copper dissolving power of milk at the boiling 
temperature is very near to that at room temperature. The 
presence of carbon dioxide greatly decreases the copper dissolving 
power of milk. The removal, by exhaustion, of all the gases 


TABLE 3 
Solubility of copper in milk in which the natural gases had been replaced by carbon 
dioxide and oxygen 


COPPER PER LITER OF MILK 
TEMPERATURE 
Carbon dioxide added Oxygen added 
mgm. mgm. 
120 1.5 11.00 
140 1.55 14.00 
160 2.00 13.00 
208* 1.60 5.00 
* Boiling point. 


normally dissolved in the milk also decreases the copper dissolving 
power of milk. Hence the presence or absence of carbon dioxide 
does not explain the solubility of copper in milk products. 

To test the effect of oxygen the same procedure was followed 
as in the proceeding experiment except that oxygen was added. 
The data are given in table 3. 

The results obtained from this run show that a maximum dis- 
solving power of milk is obtained even in the presence of oxygen. 
The results approximate those obtained when pasteurized milk 
was used but are higher than when raw milk was used. Oxygen 
therefore cannot account wholly for the copper solubility of milk 
because raw milk should contain more oxygen than pasteurized 
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milk and therefore should dissolve more copper, but the converse 
is true. The fact that a maximum is obtained in the solubility 
curve, at about the same temperature as is obtained with raw 
or pasteurized milk, shows that there is a reaction over which 
oxygen has no control. 


CONCLUSIONS 


1. The copper dissolving power of milk increases directly up 
to 140° to 145°F. and then decreases. 

2. Either the removal of the milk gases or the addition of 
carbon dioxide decrease the copper dissolving power of milk. 

3. The presence of oxygen increases the amount of copper 
which goes into solution but does not change the general type of 
the solubility curve as obtained in the other experiments. 

4. Pasteurized milk is shown to dissolve more copper than raw 
milk at the same temperature. 

5. It is concluded that some reaction takes place in the milk 
serum, when milk is heated for two hours in contact with bright 
copper, above the temperature of pasteurization, which decreases 
the copper dissolving power of milk. 


AN UNAPPRECIATED BUT IMPORTANT FACTOR IN 
THE PASTEURIZATION OF MILK* 


J. M. SHERMAN, C. N, STARK anp PAULINE STARK 
Department of Dairy Industry, Cornell University, Ithaca, New York 


That physiological differences exist in bacterial cells of various 
ages was shown by Sherman and Albus (5). They found that 
young cells of bacteria are more easily killed by various harmful 
agents, including heat, than are the old cells of the same organ- 
isms. In their paper were suggested a number of practical 
applications which might be made of these observed physiological 
differences in bacterial cells. With respect to pasteurization it 
was stated: 


To cite another example, in an entirely different field of bacteriology 
the pasteurization of milk may be mentioned. As has been shown by 


Ayres and Johnson (1913), the efficiency of pasteurization can not be 
judged, as was formerly thought, on the basis of the percentage of 
bacteria destroyed. It is found that in the case of milks with high 
bacterial counts (in which there has necessarily been an extensive 
growth of bacteria) it is easy to obtain an efficiency above 99 per cent, 
while with milks of low bacterial count (in which there has been little 
or no proliferation of cells) no such percentage destruction is obtained. 
It is of course recognized that this fact is probably due in the main to the 
differences in the types of bacteria predominating in these classes of 
milks, but it is possible that the physiological condition of the cells 
with respect to age also plays some part. 


Although the factor of physiological youth in bacteria has not 
heretofore been considered by workers on pasteurization, a num- 
ber of other applications have been reported by other investi- 
gators. As examples, it has been shown that the age of the 
bacterial cells dealt with is important in connection with the 
determination of thermal death rates (Robertson (3)), and (Stark 


* Received for publication March 18, 1929. 
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and Stark (8)) ; in studying the germicidal action of milk (Sherman 
and Curran (6)); in making bacterial plate counts (Albus (1)); 
in the control of gassy fermentations of Swiss cheese (Rogers (4)) ; 
in studies of the rate of fermentation by bacteria (Stark and 
Stark (8)) ; and in studies of heat production by bacteria (Bayne- 
Jones and Rhees (2)). 


EXPERIMENTAL 


In another paper Stark and Stark (8) have reported the re- 
sults of a number of experiments dealing with three important 
milk bacteria, Streptococcus fecalis, and two different types of 
ropy milk organisms. A number of strains of each of these 


TABLE 1 
Influence of pasteurization on pure cultures of young and mature bacterial cells 
BACTERIAL PLATE COUNTS 
TYPE Before After 
hours : 
1 24 149,500,000 | 3,250,000 46:1 2.17 

4 11,050 ,000 10,900 1,014:1 0.0986 

2 54 91,000 ,000 45,000 2,022:1 0.049 

6 98 ,000 <1 >98,000:1 | <0.001 
3 54 21,900 ,000 6,750 3,244:1 0.0308 
6 485 ,000 <1 | >485,000:1 | <0.0002 


organisms were studied and in every case it was found that at 
the temperature of pasteurization (62.8°C. for thirty minutes) 
the young cells of these organisms were destroyed more rapidly 
than were the mature cells. In table 1 are reproduced one typical 
test with each of these organisms. The young cells of Strepto- 
coccus fecalis were obtained by growing the culture in milk for 
four hours at 37°C., while old cells were procured from a culture 
which had been grown for twenty-four hours under the same 
conditions. In the case of the ropy milk organisms the cells 
were obtained from six- and fifty-four-hour cultures incubated at 
laboratory temperature. In each case the culture was trans- 
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ferred to sterile skimmed milk before subjecting it to the heat 
test. 

The practical significance of the age of the bacterial cells in the 
pasteurization of milk is plainly evident from these data. Of 
particular interest are the results obtained with these two types 
of ropy milk organisms which reveal the fact that they may be 
entirely eliminated from milk if the cells are in the young and 
actively growing condition, while the old cells of the same organ- 
ism may withstand this treatment. It has frequently been 
stated that the common causes of ropy milk are destroyed by 
efficient pasteurization, whereas it is now demonstrated that the 
efficiency of pasteurization for this purpose is dependent upon 
physiological age of the bacteria. As a matter of fact, the two 
types of slime producing bacteria used for these experiments 
were obtained from a milk plant which was experiencing difficulty 
with ropiness in its pasteurized product. 

While there can be little doubt that such pure culture obser- 
vations as have been cited are of practical importance to the 
dairy industry, it is desirable to have specific data on normal 
milk and its mixed bacterial population. It is obvious that if 
milk after production is kept at a low temperature so that its 
bacterial content does not increase, the bacteria contained therein 
will be old. On the other hand, it is equally obvious that if the 
milk is held at higher temperatures, so that the bacterial popula- 
tion multiplies, the cells of the microérganisms present will be 
relatively young. This being the case, we would expect to obtain 
a higher percentage efficiency in the destruction of bacteria in 
the case of milks in which growth has taken place. In table 2 
is presented the result of a simple experiment which shows the 
validity of this deduction. Two samples of milk, one with a 
relatively low bacterial content and the other with a relatively 
high bacterial content, were held for twenty-four hours at 40°F. 
(4.4°C.). At the end of this period, each sample was divided 
into two portions, one portion of each being pasteurized at 
145°F. (62.8°C.) for thirty minutes, while the other portion was 
incubated at 37°C. for four hours and then submitted to the 
pasteurization treatment. Bacterial counts by the plate culture 


JOURNAL OF DAIRY SCIENCE, VOL. xit, NO. 5 


388 J. M. SHERMAN, C. N. STARK AND PAULINE STARK 


method were made on all portions immediately before and after 
pasteurization. The plating medium used in all of these ex- 
periments was milk powder agar and the plates were incubated 
at 37°C. for three days. 

From the data given in table 2 it is seen that the proportion of 
bacteria killed in the samples which were held at 37°C. is much 
greater than in the same samples which were pasteurized im- 
mediately after storage at low temperature. In other words, 
it is again shown that young bacterial cells are much more sen- 
sitive to heat than are old cells; and further, that this physio- 


TABLE 2 
The effect of the age of bacterial cells in a mized milk flora on the efficiency of 
pasteurization 


BACTERIAL PLATE COUNT 
INCUBATION 
Before After pavoas:arrsa| suavival 
hours °c. 

1 24 4.4 10,100 3,250 3:1 | 32.17 
1-A + 37 490 ,000 2,400 205:1 0.489 
2 24 4.4 575,000 460 1,250:1 0.08 
2-A 4 37 82,000,000 | 28,500 2,877:1 0.0347 


1-A = Sample | after being incubated for four hours at 37°C. 
2-A = Sample 2 after being incubated for four hours at 37°C. 


logical difference in bacteria is of practical significance in the 
pasteurization of milk. 

It is, of course, appreciated that the results thus far reported 
might be criticized as not being “practical,” as it is a rather far 
cry from 37°C. to the temperatures which are more commonly 
used for the storage of milk supplies. It remains to be shown, 
therefore, that this factor of physiological youth in bacteria is an 
actual one under the conditions attaining in the commercial 
handling of milk supplies. If the principle holds, we would ex- 
pect to find a greater percentage efficiency when pasteurization 
is applied to milk which has been held at 60°F. (15.5°C.) than 
when applied to fresh milk or milk which has been held at tem- 
peratures below the limits of growth of the normal milk bacteria. 
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In order to test this hypothesis, the following experiments were 
conducted: Various samples were obtained which represented 
milks soon after production and which had been cooled so that 
bacterial growth was prevented. All of these samples were of 
milks produced under reasonably sanitary conditions. One of 
the samples (as may be noted from the high bacterial count) was 


TABLE 3 
Bacterial efficiency of pasteurization applied to milk when fresh and held at different 
temperatures 
BACTERIAL PLATE COUNT 
INCUBATION 
tion tion 
hours °c. 

0 3,700 250 15:1 6.75 

1 24 4.4 4,850 50 97:1 1.03 

24 15.5 149 ,000 135 1,103:1 0.09 

0 12,200 170 71:1 1.39 

2 24 4.4 6,200 725 9:1 11.7 

24 15.5 4,600 ,000 660 6,969: 1 0.014 
0 17,300 140 123:1 0.809 

3 24 4.4 5,850 60 97:1 1.02 
24 15.5 335,000 75 4,466:1 0.022 
0 885,000 1,100 804:1 0.124 

4 24 4.4 575 ,000 460 1,250:1 0.08 
t 24 15.5 3,950 ,000 6,370:1 0.015 
0 5,900 7 842:1 0.118 
5 24 4.4 6,200 4 1,550:1 0.064 
rt 24 15.5 26,000 7 3,714:1 0.027 


produced under conditions not so satisfactory and with un- 
sterile utensils. Bacterial plate counts were made of the fresh 
samples. Each sample was then divided into two portions. 
One of these portions was pasteurized immediately while the other 
was placed at the holding temperature used and held for twenty- 
four hours. At the end of this holding period, the storage portion 
was pasteurized. In every case plate counts were made immedi- 
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ately before and immediately after pasteurization. The results 
of five experiments in which storage temperatures of 40°F. (4.4°C.) 
and 60°F. (15.5°C.) were used are given in table 3. 

A study of these data reveals clearly that the bacterial popu- 
lation of milk becomes more sensitive to pasteurization when held 
at 60°F. (15.5°C.). It will also be noted that a considerable 
increase in numbers of bacteria took place at this temperature. 
In other words, the bacterial population was made up of relatively 
young cells and was, therefore, less resistant to heat. On the 
other hand, in the samples held at 40°F. (4.4°C.) the plate counts 
indicate that no appreciable growth took place and in these cases 
the bacterial cells did not become more sensitive to heat. 


DISCUSSION 


From the observations recorded in this paper, the general 
conclusions seem justified that a higher percentage destruction of 
bacteria by pasteurization will occur in milks which have been 
held at temperatures which allow the multiplication of the bac- 
teria contained therein, than in milks of the same original flora 
which have been stored at temperatures sufficiently low to in- 
hibit bacterial growth. It is further shown that this difference 
in resistance to heat may be explained on the basis of the differ- 
ence in ages of the bacterial cells involved. In this connection 
it should be recorded that the results reported in the foregoing 
tables have been verified by a number of other experiments which 
have not been tabulated in this paper. 

The practical results obtained when milks are held at 40°F. 
(4.4°C.) and 60°F. (15.5°C.) are in perfect accord with what 
would be expected on the basis of present knowledge of bacterial 
physiology. The point might well be raised as to what behavior 
should be expected if milk has been stored at 50°F. (10°C.). 
From the works of numerous investigators, it is well known that 
milks frequently show little or no increase in bacterial numbers 
when held at this temperature for 24 hours, whereas, in other 
samples a significant increase in bacteria takes place. In other 
words, it would be expected that the relative destruction of bac- 
teria by pasteurization in milks held at 50°F. (10°C.) would show 
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considerable irregularity. For these reasons we have not em- 
phasized our results obtained upon milk held at this temperature. 
The obvious expectation would be to find in milks stored at 
50°F. (10°C.) a variation in behavior, in some cases simulating 
the results obtained at 40°F. (4.4°C.), and at other times ob- 
taining results comparable to those secured at 60°F. (15.5°C.), 
depending upon whether bacterial growth had occurred. This, 
in fact, was found to be the case. Another irregularity in milk 
held at 50°F. (10°C.) has been noted: In one case a sample of milk 
held at this temperature showed no measurable increase in plate 
count during the twenty-four-hour period, but the results after 
pasteurization indicated a marked increase in the susceptibility 
of the bacteria to pasteurization. This particular irregularity 
is to be expected from what is known of bacterial physiology. It 
is well known that old bacterial cells pass through a dormant, or 
“lag,” period before multiplication begins. As has been shown 
by Sherman and Albus (7), during this period of dormancy, the 
old cells, just prior to the initiation of growth, assume the same 
physiological characteristics as young cells. It is, therefore, 
logical to expect that when milk is kept at a temperature of 50°F. 
(10°C.), where growth proceeds slowly, that we should occasion- 
ally experience a marked increase in susceptibility of the bac- 
teria to heat without an increase in the plate count. 

Other points of practical interest should be mentioned. It is 
again made clear by this work that the integrity of the pasteur- 
ization process cannot be judged on the basis of the percentage 
destruction of bacteria. Aside from the reasons here empha- 
sized, there are good and sufficient reasons for discarding that 
view and it has been, in fact, long since discredited. Those 
interested in milk control problems are at thc present time em- 
phasizing bacterial limits on the raw milk previous to pasteur- 
ization. Our results show the soundness of such standards, since 
it is entirely possible to obtain pasteurized milks of similar 
bacterial content when the raw milks from which they were 
derived varied greatly in germ content, depending upon the 
temperatures of holding previous to pasteurization. 

With respect to the qualitative efficiency of pasteurization, 
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the physiological age of the bacterial cells is of especial signifi- 
cance and is worthy of careful consideration by those interested 
in the practical aspects of pasteurization. It is shown, for ex- 
ample, that two different types of ropy milk organisms may be 
eliminated from milk by pasteurization when young cells are 
involved, while old cells of the same organisms may withstand 
the same heat treatment. It is perhaps pertinent to suggest 
that some consideration should be given to the relative thermal 
death rates of young and old cells of milk-borne pathogenic 
bacteria. 

It hardly seems necessary to repeat that it is recognized that 
differences in the physiological ages of the bacterial cells is only 
one factor in the variations observed in the efficiency of pasteur- 
ization when applied to milks of varying quality and bacterial 
populations. Obviously, the bacterial flora of a sample of milk 
will not be the same with respect to relative numbers of different 
types present after extensive growth has occurred. Neverthe- 
less, it is believed that the data presented establish the practical 
importance of the age of bacterial cells in the pasteurization of 
milk. 

SUMMARY 


The age of bacterial cells influences greatly the susceptibility 
of the organisms to heat, young cells being more easily killed 
than are older ones. 

Milks which have been kept at temperatures at which bac- 
terial growth takes place (e.g., 15.5°C.) show a greater percentage 
destruction of bacteria than occurs in similar milks when fresh or 
when held at temperatures (e.g., 4.4°C.) too low to allow multi- 
plication of the bacteria involved. 

It has been established that some important milk bacteria 
(e.g., “ropy milk” types) may be entirely eliminated from milk 
by pasteurization when the cells are in a young and growing 
condition, while the old cells of the same organisms are able to 
withstand the process. 

A number of points of practical significance in connection with 
pasteurization are discussed. 
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FURTHER STUDIES OF THE ROLE OF VITAMIN C 
IN THE NUTRITION OF CALVES* 


L. M. THURSTON, L. S. PALMER anv C. H. ECKLES 
University of Minnesota, St. Paul, Minnesota 


A previous publication (1) has reported experiments showing 
that calves do not require vitamin C in their feed in quantities 
that can be measured by the present method of testing food ma- 
terials for their antiscorbutic potency by feeding them to guinea 
pigs. Further results have been obtained which have no effect 
on the practical phase of this problem, but which have extended 
somewhat our knowledge of vitamin C in relation to the bovine. 
This paper is concerned with a study of the presence of vitamin 
C in the livers of two of the calves and in the milk of a heifer 
grown from birth on the vitamin C-deficient ration and with an 
attempt to locate the source of vitamin C supply to calves 
receiving rations deficient in this vitamin. 


VITAMIN C TESTS OF LIVERS 


After one year of experimental feeding as previously described 
(1) the livers of control calf E-44, and experimental calf E-45 
were removed at autopsy and immediately frozen in a sharp 
freezer. The antiscorbutic value of these organs was then tested 
by experimental feeding of guinea pigs. 

Ten guinea pigs of approximately 3000 grams weight were 
used in this experiment. To insure the health of the animals, 
especially as regards their freedom from scurvy, they were fed 
a diet of green grass and grain for a period of 6 days before 
experimental feeding was begun. The excellent condition of 
these animals was indicated by their glossy, smooth hair, bodies 


* Received for publication April 25, 1929. These data are taken from a thesis 
presented to the Graduate Faculty of the University of Minnesota by L. M. 
‘Thurston in partial fulfillment of the requirements for the degree of Ph.D. 
Published by permission of the Director as Paper No. 860 Journal Series, Min- 
nesota Experiment Station. 
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that were plump and vigorous, and by their gain in weight 
during this preliminary feeding. 

In this experiment a basal ration of grain mixture and timothy 
and wild hay was furnished. No record of the consumption of 
this food was kept, because it has been found (2) (3) that in- 
anition does not produce scurvy. The animals were observed 
to eat the basal diet well. 

The preparation of the liver for feeding consisted of chipping 
pieces from the frozen organ, weighing the required quantity into 
a porcelain dish, and adding 8 or 10 cc. of water. No attempt 
was made to macerate the tissue. This preparation was allowed 
to stand at room temperature for approximately one-half hour, 
after which the tissue was removed and the water extract fed. 
This method of preparation was resorted to because a previous 
trial, in which the feeding of macerated liver was attempted, 
gave results which were unreliable and inconclusive. The water 
extract of liver was force-fed by means of a syringe. It was 
surprising to find that, after becoming accustomed to this food, 
several of the animals developed a liking for it and aided in its 
administration. No such observation was made when the tissue 
itself was fed. 

Both the preventive and the curative methods of study were 
used in this work. Four of the 10 guinea pigs were fed the 
extract of 10 grams of liver throughout the entire period of 
experimental feeding. Two of these received the extract from 
E-44, while the other two received that from E-45. Four other 
guinea pigs were fed the basal ration until the development of 
scurvy, after which the curative powers of extracts of the two 
livers were tried. The two remaining animals were used to test 
the antiscorbutic value of concentrated extracts of the two livers. 

For the preparation of the concentrated extracts 1000 grams 
of liver were allowed to stand for three hours in about 3 liters 
of distilled water acidified with hydrochloric acid. The tissue 
was then removed as completely as possible by straining through 
cheese cloth, after which the volume of the extract was reduced 
to about 500 ce. by evaporation under a 25-inch vacuum. By 
this means the temperature of the liquid never exceeded 65°C. 
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A thick brown liquid resulted, which was stored in a bottle, and 
covered with paraffin oil to avoid oxidation of the vitamin. 
Two guinea pigs received 10 cc. of this preparation daily in 
addition to the basal ration. One of the animals fed this con- 
centrated material died soon after experimental feeding was 


Ten gms. liver Pn ia 
extract daily 


extract daily 


Aron gms. concentrated 
d liver extract daily 


Cuart l. ANTiIscorBUTIC VALUE oF LIVER or E-44 


Weight curves of guinea pigs fed extract of liver from control calf E-44. 
Ration, grain ae timothy and | ap hay ad libitum, and extract of liver. 
One guinea of pneumonia after — ns for 15 days, but the other 
two remained healthy. The third guinea pig, a concentrated extract of the 
liver, made excellent Fhe’ and showed every sign of excellent health at the close 
of the experiment. The antiscorbutic value of the liver here demonstrated was 

expected, because, previous to this test E-44 had been receiving 325 cc. of tomatoes 
daily for a year. 


begun. Autopsy failed to reveal the cause of death but a 
toxicity of the preparation was blamed. No symptoms of 
scurvy were evident in this animal. 

The results of the liver feeding experiment revealed consider- 
able antiscorbutic value in the organs of both the experimental 
and control calves. Except for guinea pig 3, which died from 
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abscessed lungs, the animals fed the unconcentrated extract of 
frozen liver lived and gained in weight throughout the 41 days of 
experimental feeding. Cures of scurvy were difficult to bring 
about because, in most cases, the disease was too far advanced 


Ten gas. liver 
extract daily 
en gms. liver 
extract daily 
Basal ration Seu ent 
development o extract daily after 
scurvy development of scurvy 
days 256 


Cuart 2. ANTISCORBUTIC VALUE OF LivEeR or E-45 


Weight curves of guinea pigs fed extract of the liver of experimental calf 
E-45. tion, grain mixture, timothy and prairie hay ad libitum, extract of 
liver. Two of the guinea pigs showed good gains throughout the experiment 
and were healthy at the close. The third guinea pig was allowed to develop 
scurvy on the basal diet after which a cure was effected by the daily administra- 
tion of the water extract from 20 grams of liver. E-45 had been fed the vitamin 
C-deficient ration for one year previous to this test. 


before it was noticeable. However, one cure was effected. 
The one animal fed the concentrated product from the liver of 
the control calf, showed the best development of any of the 
experimental animals. At the close of the experiment it was the 
most vigorous of the entire experimental group. 
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The weight curves of those animals which lived long enough 
to give definite results are shown in charts 1 and 2. 

Antiscorbutic value of milk of E-39. When E-39 calved she 
had been fed since birth on the scorbutic ration. For three 
months previous to her birth her dam had also received the 
scorbutie ration. Her calf was normal in every respect. After 
parturition she was maintained on the experimental ration and a 
study of the antiscorbutic value of her milk was made. Twenty 
guinea pigs, weighing approximately 250 grams, were fed, ad 
libitum, a basal ration of the mixed timothy and wild hay, and 
the grain mixture used in the calf-feeding experiment. Ten of 
the guinea pigs received a supplement of 30 cc. of the milk of 
E-39 daily, and the other ten received 60 cc. Other conditions 
were maintained as in the other guinea pig experiments except 
that the animals were weighed every third day in place of every 
second day. 

All the animals consumed the milk well. Considerable growth 
occurred in both groups, but those receiving 30 cc. succumbed 
to scurvy in from 29 to 47 days, while those receiving 60 cc. lived 
much longer. The experimental feeding was discontinued after 
83 days. Six of the animals had died of scurvy while four still 
remained alive. These results make it evident that when the 
bovine receives no antiscorbutic in its food from the time of 
birth to parturition, it still secretes appreciable quantities of the 
factor in its milk. 

Antiscorbutic value of hay concentrate. The discovery of 
vitamin C in the liver of a calf fed for one year on a ration 
deficient or lacking in this factor leaves the question of the 
calf’s requirement for vitamin C unsettled. The possibility 
that the bovine requires the factor, and that the ration supplied 
it in quantities too small to be measured by tests with guinea 
pigs immediately suggested itself. Grain has so often been 
found to be scorbutic that any study of it as a source of vitamin 
C seemed needless. Less work had been done with the dry hays, 
and an experiment was therefore planned to attempt to detect 
minute quantities of the antiscorbutic vitamin in the mixed 
timothy and wild hay from the lot fed the calves in experiment 2. 
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The futility of attempting to demonstrate antiscorbutic value 
in this day by direct feeding was emphasized by the previous 
test of the hay with guinea pigs. Concentration of the water- 
soluble constituents of the hay offered the most logical approach 
to the problem, and was the method adopted. 

Thirty-six pounds of ground timothy and wild hay were placed 
in earthen jars and covered with distilled water, buffered by 
monobasic potassium phosphate to maintain an acid reaction. 
These suspensions were held for twenty-four hours at a tempera- 
ture of approximately 4°C. The resulting brown extract was 
then removed and concentrated in vacuo to about one-fifth its 
original volume. About 2} gallons of thick brown liquid re- 
sulted. This was treated with 2 gallons of absolute alcohol 
which produced a voluminous precipitate. After standing over 
night at 4°C., it was filtered, slightly acidified with acetic acid 
and evaporated under vacuum to a volume of about 1 liter. 
Following the procedure of Zilva (4), basic lead acetate was 
added until no more precipitate formed. The solution was then 
distinctly alkaline to litmus. According to the work of Zilva 
(4), as well as that of Bezssonov (5), this precipitate should 
contain vitamin C if any were present. The precipitate was 
repeatedly washed by suspending it in water containing basic 
lead acetate, allowing to settle and then decanting. This wash- 
ing was found necessary because a previous trial had shown that 
some poisonous principle was held by the basic lead acetate 
precipitate, and that its removal could be effected by continued 
washing. After about six washings, the precipitate was sus- 
pended in a small quantity of acidified water and deleaded. A 
clear colorless liquid resulted which was made up to 500 cc. with 
distilled water and stored in glass at ice box temperature. 
Paraffin oil was placed over the surface of the preparation to 
prevent oxidation of any vitamin C present. 

Five guinea pigs were fed a basal ration of timothy and wild 
hay, and the experimental grain mixture, with additions of 5 ce. 
of the concentrated preparation. Scurvy developed very quickly. 
It was assumed, therefore, that no trace of vitamin C was 
supplied the experimental calves in their hay. 
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Weight curves of the guinea pigs used in this experiment are 
shown in chart 3. 

Antiscorbutic value of feces. The results of the foregoing 
experiments had practically eliminated the ration as a direct 
source of vitamin C to the experimental calves. It therefore 
became reasonably certain that the bovine is capable of producing 


days 25 84 


Cuart 3. ANTISCORBUTIC VALUE OF CONCENTRATED Extract oF TimoTHy Hay 


Weight curves of guinea pigs fed concentrated extract of timothy hay in 
addition to the basal diet. tion, grain mixture, timothy and prairie hay ad 
libitum, 5 ce. concentrated extract. Extract equivalent to 0.36 pound of hay 
was fed daily but no protective action against scurvy was evident. 


the antiscorbutic vitamin within its body. The possibility that 
the vitamin is produced at some point in the digestive tract was 
at once apparent. Fortunately, a test of the antiscorbutic value 
of the feces of calves fed the vitamin C-deficient ration had been 
made during the first experiment with calves. 


Nine guinea pigs, weighing approximately 300 grams, were 
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used in this trial. They were fed a basal ration of grain and 
water. Feces were collected daily and fed fresh. As expected, 
the guinea pigs refused to eat the feces when fed separately, and 
it became necessary to mix them with the grain. A mixture 


RATIDN: | 


Mixture of equal parts of 
eces of E-3 grain and fresh feces ad Lib. 


Feces of E-4 Feces of ma 


days 


4. ANTIScoRBUTIC VALUE OF Feces FROM EXPERIMENTAL CALVES 

Weight curves of guinea pigs fed a mixture of equal parts of the grain mixture 
fed the experimental calves and fresh feces clthier tons E-3 or E-4, both of which 
were fed the vitamin C-deficient diet. Vitamin C could not be demonstrated in 
the feces, for all the guinea pigs died of scurvy. 
composed of equal parts by weight of grain and fresh feces was 
eaten with reluctance by the animals, but proved of no anti- 
scorbutic value. The animals died of scurvy in about 30 days. 
The weight curves were characteristic of those where scurvy 
develops quickly. 
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Table 1 shows the food consumption record for the animals 
used in this experiment. The weight curves are shown in chart 4. 

Antiscorbutic value of stomach contents of calves fed the vitamin 
C deficient ration. The knowledge that vitamin C is produced 
in grain soaked in water for a few hours (6) led to the belief that 
grain in the stomachs of cattle might also be subject to this 
process. In studying this question an animal receiving the 
experimental diet of grain and dry hay was slaughtered and her 
stomach contents preserved by freezing. A test of these ma- 
terials with guinea pigs proved unsuccessful, however, because 


TABLE 1 
DAILY FEED CONSUMPTION 
feces lated) 
grams grams 
1 30 E-3 12.6 9.3 Scurvy 
2 30 E-3 20.0 10.0 Scurvy 
3 31 E-4 19.5 9.8 Scurvy 
4 16 E-3 5.9 3.9 Pneumonia 
5 27 E-4 29.5 14.8 Scurvy 


Guinea-pigs weighing approximately 300 grams were used in this test. 
The feces were collected fresh each day and mixed with the grain in equal 
portions. The consumption of feces is therefore calculated on the basis that 
half of the feed consumed consisted of them. 


all but one of the animals died from impaction of the stomach 
before scurvy could be produced. One guinea pig, fed the con- 
tents of the rumen, developed scurvy after 18 days of experi- 
mental feeding. 

This result, although inconclusive, indicates that vitamin C is 
not produced within the rumen. 


DISCUSSION 


The results of these and our previous experiments indicate 
conclusively that the bovine does not require vitamin C in quanti- 
ties that can be detected by tests with guinea pigs. Four calves 
grew at a normal rate or better for a period of one year, on a 
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ration which produced scurvy in guinea pigs in 20 to 30 days. 
Even when the possibility of vitamin C storage was minimized 
by maintaining the pregnant cow on a ration lacking this factor, 
the feeding of the resulting calf on a similar ration from the time 
of birth until one year of age failed to cause any perceptible ill- 
effects. Perfectly normal gestation and parturition occurred in 
a heifer fed from birth on a vitamin C-deficient ration. From 
the standpoint of the practical feeder it can be said that the 
bovine has no dietary requirement for vitamin C. 

It cannot be said, however, that the bovine does not need 
vitamin C, for, even though fed for over a year on the scorbutic 
diet, E-39 produced milk which was normal, or nearly so, with 
respect to its content of vitamin C, and the factor was also 
found in the liver of one of the calves after a year of experi- 
mental feeding. 

The results obtained in these experiments indicate that the 
animals did not obtain even minute quantities of vitamin C from 
their feed, and its synthesis within their bodies is indicated. 
How and where this synthesis takes place was not determined. 
The results from tests of the antiscorbutic value of feces and 
stomach contents of calves fed the scorbutic ration were all 
negative, and although somewhat inconclusive, due to insufficient 
data, all indicate that this synthesis occurs elsewhere than in the 
digestive tract. 

The discovery of the mechanism by which the antiscorbutic 
vitamin is produced in the body of the calf would be of con- 
siderable technical value, because it should then be possible to 
determine whether or not vitamin C is required by the bovine. 
The similar problem presented in the rat and chicken then might 
also be explained. Based on the discoveries made in these 
experiments, the production of this vitamin by some body organ 
is indicated, and the enlargement of the adrenal glands in guinea 
pig scurvy suggests that it may be intimately concerned with 
this factor. Perhaps the adrenals of the bovine, rat and chicken 
are capable of synthesizing vitamin C, while failing of this 
function in man, the guinea pig and monkey. 
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CONCLUSIONS 


1. Vitamin C can be demonstrated in the livers of calves fed 
for one year on a ration capable of producing scurvy in guinea 
pigs within 30 days. 

2. Heifers fed from birth on a seorbutic diet secrete appre- 
ciable quantities of vitamin C in their milk. 

3. The absence of vitamin C from the diet apparently does 
not interfere with reproduction in cattle. 

4. Vitamin C is probably synthesized within the body of the 
bovine. Evidence is supplied to indicate that the digestive tract 
is not concerned in this synthesis. 
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THE SOLUBILITY OF CALCIUM PHOSPHATE IN 
FRESH MILK* 


E. 0. WHITTIER 
Research Laboratories, Bureau of Dairy Industry, United States Department of 
Agriculture 

A knowledge of the calcium and phosphate equilibria in milk is 
fundamentally important, especially to investigators of nutritional 
and dairy manufacturing problems. No satisfactory method 
of determining calcium ion concentration in milk has been found 
and, largely for this reason, the state of the phosphate phosphorus 
has not been definitely determined. 

Recent work by Holt, La Mer and Chown (1), by Hastings, 
Murray and Sendroy (2), by Sendroy and Hastings (3), and by 
Shear and Kramer (4) has done much toward clarifying the phys- 
ico-chemical phase of the deposition of calcium salts in bone. 
The present article attempts to transfer to milk equilibria the 
results of these investigations on the behavior of the phosphate- 
calcium system, and to calculate therefrom the calcium ion con- 
centration and the calcium-phosphate ion product of milk. It 
is realized that some of the assumptions made are open to criticism 
and it is hoped that both the assumptions and the calculations will 
be examined critically, but with constructive purpose. 

A structure built on any assumption regarding the degree to 
which the calcium of milk is ionized is rather insecure on account 
of the presence in milk of considerable quantities of citrate and 
phosphate and on account of the comparatively large quantity 
of calcium itself. The assumption of complete ionization of cal- 
cium in blood serum, on the other hand, seems justified for mathe- 
matical purposes and has been made in the calculations of the 
investigators cited above. That, however, at least a part of the 
calcium of blood serum exists as a slightly, or entirely, un-ionized 
but diffusible compound has been indicated by work of Green- 
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wald (5), Klinke (6), Sendroy and Hastings (3), and Shelling 
and Maslow (7). Shear and Kramer (4, Paper V) have shown 
by conductivity titration of calcium chloride solution ‘direct 
evidence for the binding of calcium ions by sodium citrate in some 
kind of soluble complex.” This situation may be of consequence 
in the case of milk. 

That the ion product [Ca++] x [HPO,--] is the criterion for 
precipitation of calcium phosphate was the conclusion of Shear 
and Kramer (4, Paper III) from calcification experiments. From 
experimental data they derived the following expression for the 
negative logarithm of the corresponding solubility product: pK, ,. 
CaHPO, = 6.5 — 2.6/z in which x is the ionic strength, the sum 
of one-half the products of the molarity of each species of ion and 
the square of its valence. They claimed that the existence of a 
compound Ca;(PO,): has never been demonstrated. 

They found further that in the experiments of Holt, La Mer 
and Chown (1) and of Domontovitsch and Sarubina (8) “‘in which 
final equilibrium was attained by shaking precipitates of calcium 
phosphate with their supernatant solutions’’ a “constant” was 
obtained ‘“‘when the analytically determined calcium concentra- 
tion of the solution, expressed in mols per liter, was divided by the 
hydrogen ion concentration.” This “constant” was found to 
increase with increasing ionic strength of the solution. The ex- 
pression for this relationship was derived as: 

[Ca**] 
log TH) = 2.4 + 2.2 Vu 

From the equation given above and from analytical data on 
milk serum has been calculated the calcium ion concentra- 
tion, [Ca++], of milk at the hydrogen ion concentration of pH 
6.6. In the first calculation of », [Ca++] was disregarded. The 
value for [Ca++] obtained in the calculation was then inserted 
in the data sheet (figures in parenthesis) and the whole calcu- 
lation repeated in order that the final value might be consistent 
with that used for calculation of ionic strength. The second value 
checked with the first within the limits of proportional accuracy 
implied by the equation. The analytical data used were those 
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of Van Slyke and Bosworth (9) on milk serum. The total citric 
acid was reduced by an amount equivalent to the serum calcium on 
the assumption that this amount of citric acid was removed from 


TABLE 1 
The ionic strength of normal fresh milk serum. pH = 6.6 


mols per liter 
1.24 0.0318 0.0159 
0.57 0.0249 0.0125 
0.08 0.0033 0.0066 
Gate)... 1.27 0.0318 
Ca(serum)........... 0.465 0.0116 
(0.00028) (0.0006) 
0.81 0.0229 0.0115 
1.42 0.200[P]} 
1X 107 0.0143 0.0072 
1X10 0.0057 0.0114 
H,Cit (total)........ 2.37 0.0123 
H;Cit (residual)... .. 0.0047 
1 X 107° 0.052 
4xX 10-5 0.0004 0.0008 
inn 3 X 10-* 0.0043 0.0194 
Zu = 0.0853 (0.0859) 


Vu = 0.2921 (0.2931) 


log = 2442.2 Vu = 3.04 
[Ca**] ++ 
1096. [Cat+] = (1096) (0.251 x 10-*) = 0.00028 


[Ca++] x [HPO.~] = (0.00028) (0.0057) = 0.160 x 10-* 
pK, ,, CaHPO, = 6.5 — 2.6 = 5.74. K,, = 0.182 X 10-* 


the ionic condition as a calcium citrate complex in accordance with 
the ideas quoted above. The remaining “residual’’ citric acid 
was made the basis for the calculation of the contribution of . 
the citric acid to the ionic strength. The equations derived by 
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Holt, La Mer and Chown (1) were used for calculating the distri- 
bution of the phosphoric and citric acids among the three ionic 
forms of each. The results of these calculations are shown in 
table 1. 

The value 0.00028M for calcium ion concentration obtained by 
this procedure represents °°", or approximately 1 per cent of 
the total calcium of milk. Of the diffusible calcium of milk °%73, 
or 2.5 per cent, appears by calculation to be ionized. In other 
words, although approximately 36 per cent of the total calcium 
is diffusible, apparently only one part out of each diffusible 36 
parts is ionized. 

An attempt was made to test experimentally the validity of 
these calculations. In each of two 100 cc. graduates was placed 
a solution containing 0.0465 gram Ca as CaCl. To the contents 
of one was added 0.2370 gram citric acid previously dissolved and 
adjusted to about pH 7.0 with sodium hydroxide solution. To 
each was then added a solution of disodium phosphate contain- 
ing the equivalent of 0.142 gram P.O;. Both were adjusted to 
the same hydrogen ion concentration, approximately pH 6.6, and 
immediately made up to 100 cc. with distilled water. Precipi- 
tation took place in the flask which contained no citrate; the 
contents of the flask to which citrate had been added became 
slightly opalescent, but precipitation did not occur. These 
results are taken to indicate that the presence of citrate in milk 
prevents the precipitation of calcium phosphate, an effect prob- 
ably due to the previously discussed de-ionizing action of citrate 
on calcium which reduces the calcium ion concentration below 
that requisite to the solubility product of dicalcium phosphate. 


SUMMARY 


A calculation has been made of the calcium ion concentration 
of normal fresh milk. This calculation is based on recent experi- 
mental results bearing on the mutual effects of hydrogen, cal- 
cium, phosphate and citrate ions on one another. 

A calculation of the ion product [Ca++] x [HPO,"] in normal 
- fresh milk gives a value less than that of the corresponding 
solubility product. 
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Experimental evidence as to the validity of the method of 
calculation is offered in the form of an experiment in which the 
precipitation of calcium phosphate was prevented by the presence 
of citrate. 

It is concluded that the solubility of calcium phosphate in 
milk is affected by the amount of citrates present and that this 
effect is probably specific. 
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EFFECT OF COTTONSEED MEAL AND LINSEED OIL 
MEAL ON THE CONSISTENCY OF FECES OF 
DAIRY CATTLE* 


C. F. HUFFMAN anp L. A. MOORE 
Michigan Agricultural Experiment Station, East Lansing, Michigan 


It is the common opinion of investigators and feeders of live- 
stock that cottonseed meal is costive and linseed oil meal is 
laxative when fed to dairy cattle. According to Henry and 
Morrison (1), cottonseed meal is constipating, and should be fed 
with laxative concentrates such as linseed oil meal, wheat bran, 
or with succulent feeds such as silage or root crops. McCandlish 
(2) stated that cottonseed meal has a constipating effect and 
should be fed with laxative feeds such as linseed oil meal and 
wheat bran. He also stated that cottonseed meal is an excellent 
feed for cows on pasture. According to Eckles (3), cottonseed 
meal is somewhat constipating. Bull (4) stated that cottonseed 
meal has a costive action. 

However, Ewing and Wells (5) observed that cottonseed meal 
in small quantities produces a normal feces, but, when it was the 
sole ingredient of the ration, the bowel action became slightly 
laxative. Wright (6) noticed that cattle fed a ration of 8 pounds 
of cottonseed meal and 25 pounds of cottonseed hulls with a 
feed of hay once a week excreted soft feces. The feces were 
made normal by increasing the hay in the ration. Reed, Huff- 
man and Addington (7) reported that there was but very little 
difference between the rate of food passage through the digestive 
tract when cottonseed meal and linseed meal were fed. Curtis 
(8) stated that cottonseed meal is laxative when fed to horses. 

The purpose of this investigation was to determine the effect 
of feeding cottonseed meal and linseed meal on the consistency 
of feces of dairy cattle. 
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EXPERIMENTAL 
Method used 


The consistency of different feces has usually been measured 
by observing the physical appearance. In this investigation, the 
following mechanical method was used. The feces samples were 
taken immediately after evacuation. A 6 inch evaporating dish 
was filled with the fresh feces and leveled off with a smooth stick. 
A wooden ball with graduations upon its circumference was 
gently placed in the center of the feces in the evaporating dish. 


Fic. 1. SHowinG Mecuanicat Metuop Usep 1n DeTERMINING CONSISTENCY 
or Freces 


Each graduation was called a degree. These graduations read 
from 15° to 45°. A 500-gram weight was placed upon the top 
of the ball which was flattened on top. The distance which the 
ball indented the feces was determined by the graduations. 
Hence, the softer the feces the further the ball sank and the 
greater the reading in degrees and vice versa. The determina- 
tions were made about the same time each day. 


PART I 


The effect on the consistency of the feces of cottonseed meal and linseed 
oil meal when fed with timothy hay and corn silage 

The consistency of feces of six Holstein heifers which were 

from 24 to 30 months of age was determined. These animals 
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are being used on a long time experiment to determine the effects 
on health and reproduction of heavy cottonseed meal and linseed 
oil meal feeding. Three animals in lot I, G 1, G3, and G 5 have 
received cottonseed meal as the principal source of protein, and 
three animals in lot II, G 2, G 4, and G 6, have received linseed 
oil meal as the principal source of protein since they were 90 days 
of age. These observations were taken during heavy milk pro- 
duction. The effect of these feeds on the consistency of feces is 
shown in table 1. The results show very little difference in the 
consistency of feces of the two groups even though the cottonseed 
meal heifers received from 7.8 to 9.0 pounds of cottonseed meal 
daily and the linseed meal group received from 6.0 to 12.6 pounds 
of linseed oil meal daily. 
PART II 
The effect on the consistency of feces of cottonseed meal and linseed oil 
meal when fed with timothy hay and without corn silage 


The results secured in part I indicated that there was practi- 
cally no difference in the consistency of feces of cattle fed heavily 
on cottonseed meal or linseed oil meal along with silage and 
timothy hay. Since succulent feed, such as silage, is regarded as 
having a laxative effect, six mature cows were placed on an ex- 
periment to determine the effect of feeding large amounts of 
cottonseed meal and linseed oil meal without silage. 

The cows were divided into two lots of 3 animals each. The 
cows in both groups received 4.5 pounds ground corn, 4.5 pounds 
ground oats each, and all the timothy hay which they would 
clean up in addition to the protein concentrate. 

The animals in lot I, numbers 158, 179, and 150, received in 
addition, 9 pounds of cottonseed meal daily, while those in lot 
II, numbers 225, 226, and 217, received 9 pounds each of linseed 
oil meal daily. A seven day preliminary period was allowed, 
during which time the silage was replaced by timothy hay. The 
consistency of the feces excreted by the two groups was deter- 
mined daily for 6 days, after which the animals in lot I were fed 
9 pounds of linseed oil meal and those in lot II were fed 9 pounds 
of cottonseed meal daily. Two days were allowed for the change 
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from cottonseed meal to linseed oil meal and vice versa. The 
consistency of the feces from both groups was then observed 
daily for 6 days. 

The effect of these feeds on the consistency of the feces is 
shown in table 2. It is apparent that there is but little difference 
between the consistency of feces of animals fed cottonseed meal 
and linseed oil meal. It is also of interest to note in tables 2 
and 3 that the change from cottonseed meal to linseed oil meal 
and vice versa failed to produce a disturbance in the digestive 
tract. These animals were not accustomed to having cotton- 
seed meal in their ration. 


PART III 


The effect on the consistency of fecesof only two pounds ofcottonseed 
meal and linseed oil meal when fed with timothy hay as a 
roughage 

The results obtained in parts I and II indicated that the heavy 
feeding of cottonseed meal did not affect the consistency of feces 
any more than the heavy feeding of linseed oil meal. However, 
there was a possibility that the heavy feeding of cottonseed meal 
caused an irritation in the digestive tract which resulted in a 
soft feces. In order to determine the effect on the consistency of 
feces of feeding a small amount of cottonseed meal and linseed 
oil meal, 6 animals were placed on experiment. 

The cattle in lot I, numbers 202, 194, and 1 B were fed 2 pounds 
of cottonseed meal, 3 pounds of corn and oats daily, with timothy 
hay for roughage. The cattle in lot IJ, numbers 153, 173, and 
2B, received 2 pounds of linseed oil meal in addition to 3 pounds 
of corn and oats daily with timothy hay. 

A seven day preliminary feeding period was allowed, after 
which, the consistency of feces was determined daily for eight 
days. Animals in lot I were then fed 2 pounds of linseed oil 
meal in place of cottonseed meal, and those in lot II were fed 2 
pounds of cottonseed meal in place of 2 pounds of linseed oil 
meal. These changes were made in one day. Observations 
were made daily on the feces for eight days thereafter. The 
results are shown in table 3. 
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DISCUSSION 


The method of judging the consistency of feces by physical 
appearance depends largely on the judgment of the investigator. 
The use of a wooden ball with graduations to measure the depth 
to which the ball sinks into different feces when a 500-gram weight 
is placed on it is a superior method of measuring the consistency 
of various feces. 

Heifers which were raised on cottonseed meal as the principal 
source of protein from three months of age have excreted, for 
more than two years, feces which are just as soft as those excreted 
by animals raised on linseed oil meal for the same period. In 
this investigation, the amount of cottonseed meal or linseed oil 
meal did not affect the consistency of the feces. 

When silage was left out of the ration in part II and cottonseed 
meal and linseed oil meal were fed at the rate of 9 pounds per 
day, no difference could be shown in the consistency of the feces. 
A sudden change from cottonseed meal to linseed oil meal feed- 
ing, and vice versa, had no apparent effect on the consistency of 
the feces. Cows which were fed only 2 pounds of cottonseed 
meal or 2 pounds of linseed oil meal daily excreted feces of about 
the same consistency. Apparently, the levels at which cotton- 
seed meal was fed in these rations had no effect on the consistency 
of feces. The results support the findings of Ewing (5), Wright 
(6), Reed, Huffman and Addington (7), and Curtis (8) who ob- 
served no costive effect from feeding cottonseed meal. 


SUMMARY 


The results of this investigation indicate that cottonseed meal 
is not a costive feed for dairy cattle. 

The consistency of feces of dairy cows is not altered by chang- 
ing rapidly from a heavy cottonseed meal ration to a heavy lin- 
seed oil meal ration. 

There was no appreciable difference between the effects of 
feeding a large amount and a small amount of cottonseed meal 
on the consistency of feces. 
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BOOK REVIEWS 


Dairy Bacteriology. Bernarp W. Hammer, Professor of Dairy Bac- 
teriology, Iowa State College. Published by John Wiley and 
Sons, Inc., New York, 1928. 

The importance of microérganisms in the dairy is not appreciated as 
much as it should be by many who are engaged in the distribution of 
milk and in the manufacture of the various dairy products. One reason 
for this lack of appreciation has been the absence of any book which 
presents in an adequate manner the part which the various micro- 
organisms play in the dairy. The book concerning which this note is 
being written will remove all reason for such unacquaintance with the 
réles of microérganisms in milk and its products, since it presents in a 
clear, attractive, and adequate manner the general facts concerning the 
relation of microérganisms to the dairy. In its 473 pages one will find 
presented practically every subject in the field of dairy bacteriology, 
and in such a manner as to be understandable, not only to the student 
of dairying, but to those who are actually engaged in dairy manufactur- 
ing and who may have had little acquaintance previously with the sub- 
ject of dairy bacteriology. 

The general subject of milk fermentation is presented, together with 
the characteristics of the bacteria producing the various more important 
changes, such as the lactic acid fermentation, the ropy milk fermenta- 
tion, and the gassy fermentation. The relation of bacteria to the spoil- 
age of milk is presented in four chapters, one on contamination, one on 
reducing the contamination of milk and cream, another on the growth 
of microérganisms in milk and cream, and the fourth on the preserva- 
tion of these products, in which is presented a complete discussion of 
pasteurization. 

Approximately one-fourth of the book is devoted to the general sub- 
ject of the spread of diseases by milk and its derivatives. The subjects 
of most immediate importance in this connection are Malta fever and 
contagious abortion; udder inflammations and septic sore throat. 

The bacteriology of evaporated, sweetened condensed, and powdered 
milk, of ice cream, and of fermented milk is presented in three chapters. 

The author has done much original work on the study of the bacteriol- 
ogy of butter cultures and of butter. One would therefore expect the 
presentation of this subject to be most adequate in the 65 pages devoted 
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thereto. The book ends with a chapter devoted to the bacteriology of 
cheese and another in which are described the tests for quality of milk 
and cream. Included in this discussion is a presentation of the limita- 
tions of the various tests commonly used in the manufacturing plant. 

The book presents a very attractive appearance, both as to its ex- 
terior and interior. 

The production of milk, its handling, its distribution, and its manu- 
facture into the various products, involve an immense amount of 
bacteriology. The work will be done with the greatest success only as 
those engaged therein give conscious consideration to the bacteriology 
of the raw material and of the different manufactured products. 

This book should find a place on the desk of everyone who is interested 
in the management of any phase of dairying. It is to be hoped that 
the demand for the book will justify frequent revision, in order that the 
subject may be kept abreast of the rather rapid advances in many of 
its phases. 


E. G. Hastings. 
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Why Babcock Bottles 
by KIMBLE? 


Because, during more than a Quarter Century’s Experience 
in the production of all types of high grade scientific glass- 
ware, KIMBLE has evolved and applied new principles of 
design and manufacture, which enable them to offer a supe- 
rior product at a competitive price. 


Look for the KIMBLE ‘‘K-over-the-Diamond,” which is 
sand blasted on every genuine KIMBLE BOTTLE. 


KIMBLE Babcock Test Bottles and other glassware used 
in the Dairy and allied industries, are stocked by the leading 
Dairy Supply Houses. 


From Molten Glass to Finished Product, 
every operation is done in our own plant. 


The Visible Guarantee of Invisible Quality 
KIMBLE GLASS COMPANY. VINELAND, N.J., New York, Chicago. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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For the Physician—Health Worker—Veterinarian 


ANTHELMINTICS 
AND THEIR USES 
In Medical and Veterinary Practice 


BY 


R. N. CHOPRA, Calcutta School of Tropical Medicine and Hygiene 
ASA C. CHANDLER, Rice Institute, Houston, Texas 


A convenient and systematic study of anthelmintics and their uses from the 
pharmacological and helminthological points of view, bringing together a great 
body of scattered findings and facts from the literature, and presenting the 
authors’ own experience and experiment. 

Cloth, 6 x 9, 272 pages, 5 plates, Bibliography, Index. 


$5.00 


THE WILLIAMS & WILKINS COMPANY 
BALTIMORE, U. S. A. 


The Story of America’s New Wonderland 


Animal Life of the Carlsbad Cavern 
By VERNON BAILEY 


HO commercial interests have exploited the great cavern at Carls- 

bad, New Mexico, for many years, only recently has the general 
public come to know of its wonders. In this book Vernon Bailey, one 
of the first to study the cavern, tells the whole fascinating story of its 
human and animal life, from ancient times to the present. His book 
will interest every lover of nature, and the great out-of-doors, and is a 
valuable contribution to American natural history. 


Vellum, 5% x 8, 185 pages, 66 illustrations, 1 map in color. 
$3.00 


The Williams & Wilkins Company Baltimore, U.S. A. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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PRECISION PASTEURIZATION 


Now a Certainty 


Deeper cream line and better taste! What milk dealer, reading these words, 
cannot realize that this has been the goal of the Dairy Industry for years. Milk 
engineers have continually worked at this problem, and the solution has as con- 
tinually evaded them. 

Milk with deeper cream line and better taste 7S possible. Such milk is being 
produced by a new and simple apparatus, the Precision System of Pasteurization, 
a recent development of CP Engineers. Commercially, perfect pasteurization 
is accomplished without harming flavor or cream line. The apparatus is prac- 
tically foolproof. Frequent and complicated adjustment is eliminated. The 
limitations of and objections to present milk pasteurizers have been removed. 

All of the milk is brought to pasteurizing temperature, held for the required 
period and then released, automatically. None of the milk is overheated. 
Foam is not created, and if present due to previous mistreatment, it is pasteurized. 
The apparatus cannot be “rushed.” Whether the holder is operated at maxi- 
mum capacity or less, the holding time remains the same. Successive grades of 
milk and cream may be pasteurized at the same time without danger of inter- 
mixing. 

Every part of the milk contact surface in the holder is readily accessible for 
cleaning and inspection. Construction is high grade in every particular. 

Behind the Precision System and apparatus is a responsible manufacturer 
whose entire history has been devoted to the progress of the Dairy Industry. 
You are interested in better milk. Why not write for a copy of our new illustrated 
Bulletin C-300 and receive the whole story. 


Above: An installation of Precision Pasteurizing Equipment, 
ineluding a Precision Heater and Helix Holder, in the 
plant of the Chapman Dairy Co., Kansas City, Mo. 


THE CREAMERY PACKAGE MFG. COMPANY 
1244 W. Washington Blvd. Chicago, Illinois 
Sales Branches in Principal Cities 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Theses - Problems 


The college trained staff of this organi- 
zation gladly furnishes data and in- 
formation for theses and problems. 


Why not include this service in your 
plans for the present academic year? 


The American Guernsey 
Cattle Club 


5 Grove Street Peterboro, N. H. 


Every Bacteriologist Should Have 
Dictionary 

of Bacteriological 
Equivalents 


By WILLIAM PARTRIDGE 


IVES French, German, Italian 
and Spanish-English equiva- 
lents of diseases of man, animals, 
plants, and chemical substances 
and laboratory operations. 


Cloth, 5 x 74, 140 pages 


Price $4.00 


The Williams & Wilkins Co. 


Baltimore, U.S. A. 


| A modern text devoted entirely to | 
a popular presentation of the in- 
teresting facts about milk. 


The 
Nearly 
Perfect 
Food | 


| 
| 


By 
SAMUEL J. CRUMBINE 
| and 
‘JAMES A. TOBEY 


Milk and Longevity 
_ Milk and Diet 
_ Milk Through the Ages | 
| Milk and Health 

_ Sanitation and Grading of Milk 
Ways of Using Milk 

The Products of Milk 

Milk and Good Cookery 

How the World Gets Its Milk 


| The Whole Story of Milk | 
| 


Off Press September 15 
Amply illustrated Selected Bibliography 


$2.50 


The Williams & Wilkins 


Company—Baltimore, U. S. A. 
Publishers of Scientific Books and Periodicals 


Your advertisement is being read in every State and in 25 Foreign Countries 
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MARSCHALL 
RENNET anp COLOR 


STRONG 
PURE 


DEPEND- 
ABLE 


Made in the largest and best equipped 
Rennet factory in America! 


THE MARSCHALL DAIRY LABORATORY 


MADISON. WISCONSIN 


CLASSIFIED ADVERTISING 
$3.00 PER INCH 


Mailing Lists 


Will hel i les 
ip 


A booklet of valuable information 


Practical 
Milk Quality Test 


Used in a System of Milk Control 
METHYLENE BLUE REDUCTION 
TEST 
FERMENTATION TEST 


CATALASE TEST 
EXCESS ACIDITY TEST 


Principles, Procedures, Applications 
and Equipment using 
CHRISTENSEN’S MILK GRADING 
APPARATUS 


“The Milk Grader’’ 
etc. 


By 
VALDEMAR CHRISTENSEN 
Chemist and Micro-Biologist 
Ohio Food & Dairy 
Laboratory 
3124 Harvard Ave., Cincinnati, O. 


Copy free on request, while the stock lasts 


How Farmers Can 
Produce and Deliver 
Milk of Low Bac- 


terial Content 


HE chief sources of bacterial 

infection in fresh milk is due to 
its contact with non-sterile utensils 
at the dairy farm. 


Stop this contamination right where 
it occurs! 


The B-K Way 


It can be done by a simple rinse 
with a small amount of B-K in water 
used as a rinse on clean utensils just 
before they are used. 


Under the B-K plan of sanitation 
for dairy farms without steam or hot 
water, one lot of 48 common farms 
averaged under 12,000 colonies per 
ec., 40 farms averaged under 7,500 
colonies per cc., 29 farms averaged 
under 5,000 per cc. B-K was the 
only sterilizing agent used. The 
cost was l¢ to 3¢ per day per farm. 

Write for the B-K plan of dairy 


farm and milk plant sanitation and 
copies of these farm tests. 


GENERAL LABORATORIES 
815 Dickinson Street 
Madison, Wisconsin, U.S. A. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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The Newest and Most Complete Study in the Field oy 
Veterinary Bacteriology—All in One Volume 


Manual of 
Veterinary Bacteriology 


By RAYMOND A. KELSER 


Captain Veterinary Corps, U. S. Army; Formerly Staff Member, 
Bureau of Animal Industry 


ORPHOLOGY, physiology, and classifications of bacteria, bacteriological 

methods are covered in the first seven chapters. The following 28 chapters 

deal with bacteria, fungi, protozoan organisms, and filterable viruses responsible 
for animal diseases. 

Sections on Serology and Hematology give useful methods that have been tested 
in actual laboratory practice. Another section describes preparation of the bio- 
logicals commonly used in veterinary practice. 

Every effort has been made to include all of the important modern knowledge of 
methods and practices. More than 90 illustrations are included. An adequate 
index and bibliography are appended. 

A book which is unhesitatingly recommended to teachers, students, practitioners, 
and research workers whose problems are concerned with veterinary science. 


Blue silk, gold stamped 6x9 500 pages Index 
92 illustrations Bibliography 


Price $5.50 


THE WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Books and Periodicals 


BALTIMORE, U.S. A. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Testing Beats 
Guessing! 


Important economies result when 
materials purchased are checked care- 
fully in the laboratory—when the 
buying is done not on volume but on 
composition. In preparing the mix, 
too, economies can be effected by a 
complete knowledge of the products 
used. Every modern ice cream man- 
ufacturer has daily need for 


Testers 


After the mix is in the freezer and almost ready to be drawn its percentage of overrun must be ac- 
curately checked to insure a uniform product. The Mojonnier Overrun and Weight Tester provides an 
inexpensive, simple, yet very accurate means of checking the ice cream while it is still in the freezer. 

Learn more about these two testers essential to the manufacturer of a high quality, uniform grade 
of ice cream. Write for literature now. 


Mojonnion Brcs.Co. 
MILK ENGINEERS 
4691 West Ohio St., Chicago. III. 


Another SO! A Few Specimen 


Titles 


PERIODICALLY the Research Narratives col- Cote Mapping from the 


lected by Director Alfred Flinn of Engineering Pictures by Phone 


Foundation are published in book form in — Strange Intui- 


groups of fifty. Talking to Europe. 
The Third Series of the Narratives are ready New Linke 
for distribution. As everyone knows, the Matter 


Wealth from Cornstalks 
Research Narratives are five-minute stories of 


invention and investigation, written by the Amateur Movies in Color 


Insect Carriers of Plant 
men who did it” or from data furnished by 


them. Others 

Two volumes have hitherto been published 
and distributed over the wide world. The | Socseua vou 
Third Series maintains the standard ofinterest $1.00 


and diversion set by its predecessors. 


RESEARCH NARRATIVES—Third Series 


THE WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Books and Periodicals BALTIMORE, U. S. A. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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WESTFALIA 


Leads the Way 


THE high reputation the Westfalia 
Cream and Whey Separator is 
enjoying on the American market 
since it is available here, is no sur- 
prise. Other countries have rec- 


ognized Westfalia’s merits for 
many decades. This machine has 
so many advantages which make 
it altogether the best friend of 
the operator. 


An unequaled skimming effi- 
ciency brings you practically all 
butterfat there is in milk and 
whey. 

In addition to this important 
point you'll find it the easiest to 
operate, the easiest to clean, the 
most economical in upkeep costs 
with the least expenses for spare 
parts, and first of all, the most 
reliable. 

Think of the smoothness which 
Ball Bearings give this machine! 
Automatical starting and stop- 
ping! All lubricating done auto- 
matically from one oil bath in the 
gear chamber! Speed, this essen- 
tial point for getting the best 
results, visibe always and at a 
glance indicated by a tachometer! 

A Westfalia soon pays for itself 
and you can't do anything better 
than to replace vour old separator 
by a Westfalia. The sooner you 
do it, the more you save. 

Write today and let us tell you 
all about this machine. 


WESTFALIA SEPARATOR COMPANY 
11 WEST 42ND STREET 
NEW YORK, N. Y. 


Separators on display at the Toronto Exhibition in our 
booth 6502 


Your advertisement is being read in every State and in 25 Foreign Countries 
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The Flush: Season 


It is:unfortunate that the flush seasom in milk 
products is coincident with the high temperatures 
of spring and summer. 


Yet itis possible to minimize. the danger of 
these high temperatures and’ protect the delicate 
qualities: of milk and milk foods by the sweet, 
wholesome, safe, sanitary cleanliness. which the 
use of 


4, 
Cleaner atid ‘e 


is daily providing in thousands.of creameries, dai- 
ries;.and cheese factories. 


The purified, sweetened, sanitarily clean, nat- 
ural surface of your equipment is the best protec- 
tion you:can provide to the quality of your product, 
and consequently to the better prices paid for higher 


quality. milk foods. 


This: is. the service which Wyandotte Dairy- 
man’s: Cleaner and Cleanser has consistently 


given to. the dairy industry for over a quarter of a 
century. 


Ask your supply mam for 
“WYANDOTTE” 


Tae:J;.B. Forp:Company Mfrs. Wyandotte, Michigan 


| 
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A complete medium in dehydrated and powdered form. Instantly available and 
readily prepared.. Requires merety the solution of the powder: in‘ water and:sterilization 
of the solution: Yields a clear medium,.free from insoluble matter ‘and of the: correct reac- 
tion. WNofiltratién or adjustment are required. 


When prepared for use the resulting medium conforms to the demands of. ‘Standard 
Methods of Milk Analysis’? and has been approved'for use in detesmining the plate count of 
bacteria in milk. Bacto-Nutrient Agar, Approved, also has the approval of the Committee on 
Methods of the International Association of Dairy and Milk Inspectors and is supplied on 
demand when specified. 


Specify “DIFCO” 
THE TRADE NAMB OF THE PIONEERS. 
In the research and development of Bacto-Peptone and Dehydrated Cutture Media. 


DIGESTIVE FERMENTS. COMPANY 
DETROIT, MICHIGAN, U.S. A. 


because theyave abways gazing on its dimples 
instead of trying to remove its freckles.” 


Years ago when we started to make 


KVP Genuine Vegetable Parchment 4 


Wrappers. we. thought: they. were 
pretty good, but we were, Notisat- 
to let 
we asked our Customers 
owt to us) the: “‘f freckles’? 
discovered, any, with t 
that we improved‘and 
improving until now om 
_. frankly: say you that there: is 
nothing benter: than KiV-P* Gen- 
une Vegetable Parchment fdr 
or moist. food protection 


KALAMAZOO VEGETABLE PARCHMENT 
| KALAMAZOO, MICHIGAN 
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